Allergies have been known to be associated with both genetic and environmental factors, and have increased greatly since World War II. Dietary habits and nutri tional state have also changed since then, a fact that could be linked to the development of allergies (1, 2) .
In nutritional science over the last two decades, intensive studies on allergies have been focused on lipid sources. It is well known that qualitative differences in fatty acids affect susceptibility to allergies in rodents and human. Specifically, the prevalence of allergies is higher in those who consume more n-6 fatty acids than n-3 line rich diets (3) (4) (5) . n-6 line fatty acids are sources of arachidonate, and prostaglandin (PG) and leukot riene (LT), act as chemical mediators related to clinical symptoms in allergic patients and immune cell func tions. The mediators were biosynthesized from the cas cade metabolites by the actions of cyclooxygenase and lipooxygenase, respectively. The E2 series of PG (PGE2) enhances Th2 type and depresses Thl type cytokine production and selectively enhances IgE production (6 -8 
RESULTS
Although total food intake and body weight gain did not differ in any of the groups, spleen weight was signif icantly less in the MPM group as compared to the PN and PH groups. Serum albumin concentration was sig nificantly higher in the PH group as compared to the MPM and PN groups ( Table 2) .
OVA-specific IgG was significantly lower in the PH group as compared to the PN group but not different from the MPM group. IgG1 and IgG2a also did not differ among the groups. OVA-specific IgE was higher in the PH group as compared to the PN group (Fig. 1) . Only the PH group showed a significantly higher total IgE concentration (Fig. 2) . A significant reduction of all subsets expressed in the splenic lymphocytes was observed in the MPM group as compared to the PN group. In the PH group, the B220 expressing lymphocyte population significantly increased; others increased also, but not significantly ( Table 3) .
The responses to OVA were augmented in the PH (24) .
In the PH group, we found significant augmentation in OVA-specific IgE and total IgE but a reduction in IgG as compared to the PN group; IFN-gamma was compa rable. In our findings, enhanced specific-IgE responses were accompanied by elevated IL-4 production , while IgG1 was decreased. Switching from IgM to IgG1 and IgE is affected by IL-4 concentration; the switch to IgE requires a higher concentration (25) . It has been known that switching to IgE occurs sequentially via IgG1 (26) . It may be speculated that increased IL-4 in the PH group directs class switching to IgE rather than IgG1. In a surface marker analysis on spleen lympho cytes, slight increases in CD3 and CD4 and significant increase in B220 were found , CD3, CD4, CD8, and B220 would be expressed on large populations of T lym phocytes, Th lymphocytes, cytotoxic T lymphocytes and B lymphocytes, respectively. While splenic lymphocyte proliferative responses to OVA were augmented, responses to anti-CD3 were not affected in the PH group as compared to the PN group. Anti-CD3 would release from mast cells in allergic rodent models (35, 36) , and also reduces serum IgE in humans (37) . How ever, there is little information on the effect of protein deprivation alone on IgE production and allergies. Some discrepancies remain concerning whether lipid, protein nutrition, or energy intake has more effect on IgE responses. In the present study, although immune depressions involved in lymphocytes certainly occurred in the MPM state at the cytokine level, in splenic lym phocyte proliferative responses to specific antigens and anti-CD3 mAb, and in all subset marker expressions tested on the splenic lymphocytes here, the effects did not reach humoral immune responses, especially IgE.
In conclusion, our study presents the first findings of shifting immune functions toward Th2-predominant and enhanced IgE production in the PH state. This is a new nutritional clue to understanding the high preva lence of allergies as relation to modern food life in industrialized countries. An upper limit of protein nutrition should be determined to prevent immunologi cal alteration and onset of allergies, taking sex, age, physiological activity, etc. into consideration. Our data also imply that an MPM state without energy depriva tion does not always suppress the onset of allergies.
